INTRODUCTION
The red flour beetle, Tribolium castaneum Herbst and the cigarette beetle, Lasioderma serricorne Fabricius are cosmopolitan and polyphagous stored product pests 1 .
T. castaneum is one of the common pests found in indoor food storage facilities 2 and L. serricorne is known to develop on a variety of grain-based products, spices, and tobacco, and infest these commodities during storage and manufacturing 3 . These two beetles are among the main stored-product pests in Tunisia and North Africa 4 . Control of these pests relies on the widespread use of various synthetic chemical insecticides and fumigants which had led shown to possess a broad spectrum of pest control properties of their larvicidal, toxic, repellent, growth inhibiting, ovicidal, antifeedant and antioviposition effects 10 12 . The components of essential oil often biodegrade to nontoxic products, so they could be much safer insectcontrol agents and more suitable for use in integrated pest management IPM 13 . Because of the worldwide attention toward pesticide residues in agricultural products, insecticides of natural origin are very important in food safety 14 . In the course of screening for significant naturally occurring insecticidal plants, Amomum tsaoko Crevost et Lemarie was found to exhibit insecticidal activity against two storedproduct insects, T. castaneum and L. serricorne. Amomum tsaoko, a zingiberaceous plant called Caoguo or Tsao-ko is widely distributed in the southwest of China. Its dried fruit is commonly used for traditional Chinese medicine and is a wellknown spice. Oriental traditional medicine has used the dried fruit of A. tsaoko to treat malaria, throat infections, abdominal pain, stomach disorders, dyspepsia, nausea, vomiting and diarrhea 15 . It can also be added to food as a flavouring agent in cooking, which can develop the food s distinct flavour and retain the medicinal effect. It is a commercially important spice in the south-east Asian market. Chemical composition and antimicrobial activity studies about the essential oil of A. tsaoko have been widely investigated 16 20 . As far as our literature survey could ascertain, no information concerning insecticidal activity of the essential oil of A. tsaoko has been published openly. Therefore, in the present paper we describe the identification of the chemical components of A. tsaoko by a gas chromatography-mass spectroscopy GC-MS method, and evaluate the insecticidal property of the essential oil against T. castaneum and L. serricorne.
EXPERIMENTAL PROCEDURES

Chemicals
Eucalyptol and limonene were isolated from A. tsaoko essential oil on a silica gel column 45 mm 500 mm Qingdao Marine Chemical Plant, Shandong province, China .
Material 2.2.1 Insects
L. serricorne and T. castaneum were obtained from laboratory cultures maintained for the last 2 years in the dark in incubators at 29 1 and 70-80 relative humidity. The insects were reared in glass containers 0.5 L containing wheat flour at 12-13 moisture content mixed with yeast 10:1, w/w . Adults used in all the experiments were about 7 2 days old.
Extraction of plant material
The fresh fruits 3.00 kg of A. tsaoko were harvested from Yulin 22 64' N latitude and 110 14' E longitude , Guangxi Province, China in June 2013. The plant was identified, and a voucher specimen BNU-dushushan-2013-06-09-24 was deposited at the Herbarium BNU of College of Resources Science and Technology, Beijing Normal University. Essential oil was extracted from fruits 0.97 kg of dry matter subjected to hydrodistillation during 6 h using a modified Clevenger-type apparatus. Anhydrous sodium sulphate was used to remove water after extraction. The essential oil was stored in airtight containers in a refrigerator at 4 for subsequent experiments.
GC-FID and GC-MS analysis
GC-MS analysis was performed on a Thermo Finnigan Trace DSQ instrument equipped with a flame ionization detector and an HP-5MS 30 m 0.25 mm 0.25 μm capillary column. The column temperature was programmed at 50 for 2 min, then increased at 2 /min to the temperature of 150 and held for 2 min, and then increased at 10 /min until the final temperature of 250 was reached, where it was held for 5 min. The injector temperature was maintained at 250 and the volume injected was 0.1 mL of 1 solution diluted in n-hexane . The carrier gas was helium at flow rate of 1.0 mL/min. Spectra were scanned from 50 to 550 m/z. Most constituents were identified by comparison of their retention indices with those reported in the literatures. The retention indices were determined in relation to a homologous series of n-alkanes C 5 -C 36 under the same operating conditions. Further identification was made by comparison of their mass spectra with those stored in NIST 05 and Wiley 275 libraries or with mass spectra from literature 21 . Relative percentages of the individual components of the essential oil were obtained by averaging the GC peak area reports.
Puri cation and characterization of two constitunent compounds
The crude essential oil 10 mL was chromatographed on a silica gel column by gradient elution with n-hexane first, then with n-hexane-ethyl acetate, and last with ethyl acetate. Fractions 120 mL were collected and concentrated at 35 , and similar fractions according to thin layer chromatography TLC profiles were combined to yield 20 fractions. Fraction 3 and 15 that possessed contact toxicity, with similar TLC profiles, were pooled and further purified by preparative silica gel column chromatography PTLC until the pure compounds for determining structure as eucalyptol and limonene were obtain. The isolated compounds were elucidated based on nuclear magnetic resonance.
1 H and 13 C-NMR spectra were recorded on Bruker Avance DRX 500 instruments using CDCl 3 as solvent with TMS as internal standard.
Insecticidial activity 2.5.1 Contact toxicity bioassays
The contact toxicity of the crude essential oil and the two compounds against T. castaneum and L. serricorne adults was measured as described by Liu and Ho 2 . Rangefinding studies were run to determine the appropriate testing concentrations. A serial dilution of the essential oil and compounds five concentrations was prepared in nhexane. Aliquots of 0.5 μL of the dilutions were applied topically to the dorsal thorax of the insects. Controls were determined using n-hexane. Ten insects were used for each concentration and control, and the experiment was replicated five times. Both treated and control insects were then transferred to glass vials and kept in incubators. It is noteworthy that the chemical constituents of the essential oil are in partial agreement with the previous reports, which Peng et al. 17 reported that the main constituents of A. tsaoko essential oil were identified as eucalyptol, geranyl acetate, geraniol, citral, pinene, phellandrene, terpineol, 2E -decanal and nerolidol. The differences might be the result of variability associated with the origin of the herb, collection seasons or environmental growing conditions. The above results suggest further studies on plant cultivation and essential oil standardization are needed.
Structure con rmation of isolated compounds
With further isolation, two purified compounds were obtained and they were analyzed by various of NMR techniques including 1 H NMR and 13 C NMR. Combining all the NMR spectra data, the two isolated compounds were finally recognized as eucalyptol 1.35 g and limonene 0.95 g . The compound formulas were showed in Fig. 1 
Insecticidial activities
Limonene showed stronger contact toxicity against T. castaneum LD 50 14.97 μg/adult and L. serricorne LD 50 13.66 μg/adult than eucalyptol LD 50 18.83 and 15.58 μg/adult, respectively , while the essential oil of A. tsaoko possessed contact toxicity against T. castaneum and L. serricorne with LD 50 values of 16.52 and 6.14 μg/adult, respectively Table 2 . However, the essential oil demonstrated 64 and 26 times less acute toxicity against the two species of insects when compared with the positive control pyrethrum extract, 37 pyrethrine I and pyrethrine II , because the pyrethrum extract has acute toxicity to T. castaneum and L. serricorne with LD 50 values of 0.26 and 0.24 μg/adult, respectively. The two main compounds also possessed weaker contact toxicity against the species of insects when compared with the positive control Table 2 . It also showed that L. serricorne adults were more susceptible than T. castaneum adults to the contact toxicity of the essential oil of A. tsaoko. However, the LD 50 values of two main compounds against L. serricorne adults were a bit smaller than T. castaneum adults. This may be because the other compounds in the essential oil of A. tsaoko also have more stronger contact toxicity than the crude essential oil, the insecticidal properties of the essential oil can be attributed to the synergistic effects of its diverse major and minor components. Z -Nerol maybe the effective minor component which has the synergistic effect, because Z -nerol showed contact toxicity against L. serricorne with LD 50 value of 5.58 μg/adult. However, the essential oil of A. tsaoko showed stronger contact toxicity against T. castaneum than the essential oils of Dracocephalum moldavica flowering aerial parts LD 50 Table  3 . In contrast to contact toxicity, L. serricorne adults were more tolerant than T. castaneum adults to the fumigant toxicity of the essential oil of A. tsaoko and limonene Table 3 . This indicates that fumigant toxicity may be a 29 31 .
Eucalyptol represents components of plant essential oils characterized by a wide range of biological effects toward microorganisms, fungi, insects, etc. 32 . In previous reports, eucalyptol was demonstrated to possess insecticidal activity against pulse beetle, Callosobruchus chinensis L. 33 . It was also found to have fumigant toxicity against first instar of Blattella germanica and first-instar nymphs of Rhodnius prolixus 34, 35 . Moreover, eucalyptol possessed both contact and fumigant toxicity against Musca domestica Diptera: Muscidae , and Rhyzopertha dominica F. 36, 37 .
It also exhibited a high repellent and antifeedant activity against T. castaneum adults 38, 39 .
As for the other main compound, limonene was shown to have insecticidal activity against several insect species and mites in previous studies. For example, limonene was found to show significant repellent effect on Tetranychus urticae Tetranychidae 40 . It also was showed to be toxic Limonene also showed the strong acetylcholinesterase AChE inhibition activity 46 .
CONCLUSION
These findings, considered together, suggest that the essential oil of A. tsaoko and the two compounds show potential to be developed as natural insecticides/fumigants for control of stored product insects. The monocyclic monoterpenes eucalyptol and limonene have been considered economically important in this context. Since the natural resources of A. tsaoko are abundant, further investigations that focus on more detailed insecticidal activity studies should be conducted to elucidate the insecticidal mechanism of tested essential oils for various applications.
